Two experiments were conducted to evaluate the fermentation characteristics of ensiled wet corn distillers grains with solubles (WDG) alone or mixed with soybean hulls (SH) and the ability of the mixture to maintain growth performance in dairy heifers. The first experiment was an ensiling study using laboratory silos. Ensiled blends were 100% WDG, 85% WDG with 15% SH, and 70% WDG with 30% SH on an as-fed basis. Silos were opened for analysis on d 0, 3, 7, and 21. The pH was less in the 100% WDG compared with other treatments (P < 0.01), but all treatments had a pH near 4. Lactic acid concentration was greater in 100% WDG compared with the blends of WDG and SH (P < 0.01). Acetic acid was not found in 100% WDG and increased over time in the 2 blends (P < 0.01). Other differences between blends, such as DM, CP, ammonia N, fiber, and fat, were reflective of the different concentrations of WDG and SH in the blends. In the second experiment, the 70% WDG and 30% SH (as-fed) blend was ensiled in a silo bag and then evaluated as a feed for growing dairy heifer diets. Twentyfour heifers were used in a randomized complete block design and assigned to be fed 1 of 3 diets: 1) control, 2) low inclusion of WDGSH, and 3) a high inclusion of WDGSH. All treatment diets consisted of 50% brome grass hay on a DM basis. The control diet had 50% of the diet (DM basis) as a grain mix, which was composed of corn, soybean meal, and minerals. The low WDGSH diet contained 24.4% of the blend and 25.6% grain mix. The high WDGSH diet contained 48.7% of the blend and 1.3% mineral mix. Average daily gain and most of the body growth measures were similar among treatments. However, DMI decreased linearly (P < 0.01) as the WDGSH blends were fed, resulting in improved (P = 0.02) G:F. Results from these experiments indicated that WDG can be effectively ensiled with SH and sustain adequate growth rate when fed to growing dairy heifers.
INTRODUCTION
Distillers grains have been proven to be a quality feedstuff for growing ruminants by maintaining or improving growth performance (Waller et al., 1980; Abrams et al., 1983; Ham et al., 1994) . Research has demonstrated that including wet distillers grains with solubles (WDG) in the diet of ruminants can improve feed efficiency compared with traditional corn and soybean meal-based diets (Ham et al., 1994 , Schingoethe et al., 1999 Anderson et al., 2006) . An obstacle when feeding WDG is storage. To avoid spoilage, Abrams et al. (1983) demonstrated that WDG can be ensiled and then fed to growing sheep and steers. However, seepage during ensiling and poor aerobic stability when fed may be a problem (Nishino et al., 2003) . Previous research that combined and ensiled wet brewers grains (by-product very similar to WDG) with drier feedstuffs resulted in improved digestibility and aerobic stability when fed compared with wet brewers grains ensiled alone (Nishino et al., 2003; Nishino and Hattori, 2007; Wang and Nishino, 2008a,b) .
Soybean hulls (SH) were chosen as the ensiling companion for WDG. Soybean hulls are a good energy source for ruminants because of highly digestible fiber content (Ipharragauerre and Clark, 2003) . Growing ruminants can be fed SH in replacement of corn in the diet and still maintain adequate animal performance (Faulkner et al., 1994) . Soybean hulls and WDG are complementary because SH are low in fat, CP, and minerals such as phosphorus and sulfur, which are often found in high amounts in WDG (NRC, 2001) .
The objective of the first study was to evaluate the fermentation of SH and WDG when combined and en-siled. It was hypothesized that the fermentable fiber in the SH combined with WDG could improve the fermentation compared with WDG alone. The objective of the second study was to evaluate if Holstein heifers fed ensiled WDGSH maintained growth performance compared with heifers fed a corn and soybean mealbased diet.
MATERIALS AND METHODS
All animal procedures and uses were approved by the South Dakota State University Institutional Animal Care and Use Committee.
Ensiling Experiment
Wet distillers grains were delivered in the morning and ensiled with SH in the afternoon of the same day. Three treatments, 100% WDG (100:0), 85% WDG with 15% SH (85:15) , and 70% WDG with 30% SH (70:30) on an as-fed basis, were blended and evaluated for ensiling characteristics. Ensiled materials were kept in laboratory silos that were 10 cm in diameter and 30 cm in height polyvinyl chloride pipes sealed with rubber stoppers. All experimental silos were packed to a density of 190 kg/m 3 on a DM basis. Samples of each treatment were collected for analysis before ensiling for representation of d 0. Duplicate silos were made for each treatment and each sampling day. The silos for each mixture were opened at d 3, 7, and 21 of ensiling for analysis to assess changes in nutrient composition and fermentation characteristics.
For nutrient composition analyses, samples were dried for 48 h at 55°C in a Dispatch oven (style V-23, Dispatch Oven Co., Minneapolis, MN). Samples were then ground to a 4-mm particle size (Wiley mill, model 3, Arthur H. Thomas Co., Philadelphia, PA) and then further ground to a 1-mm particle size using an ultracentrifuge mill (Brinkman Instruments Co., Westbury, NY). Dry matter was determined by taking approximately 1 g of ground sample and drying at 105°C for 24 h (Undersander et al., 1993) . Ash was determined by heating samples in a muffle furnace at 450°C for 8 h (Undersander et al., 1993) . Neutral detergent fiber (Van Soest et al., 1991) and ADF (Robertson and Van Soest, 1981) were determined in sequence using the Ankom fiber analysis system (Ankom Technology Corp., Fairport, NY). Alpha-amylase and sodium sulfite were used for the NDF procedure. The NDF and ADF were not corrected for ash. Ether extracts (EE) were performed on a Goldfisch apparatus (Labconco Corp., Kansas City, MO) to measure total fat content using diethyl ether according to AOAC procedures (2002) . Crude protein was determined using a Leco-428 combustion analyzer (Leco Corp., St. Joseph, MI; AOAC, 2002) . Upon opening laboratory silos, a portion of sample was frozen and then sent to Dairyland Laboratory (Arcadia, WI) for analysis of fermentation characteristics including pH, ethanol, VFA, and ammonia. The ethanol and VFA analysis was conducted using HPLC (Siegfried et al., 1984 ) in a modified method described by Muck and Dickerson (1988) . Ammonia N was analyzed using method 920.03, Nitrogen (Ammoniacal) in Fertilizers: Magnesium Oxide Method of the AOAC (2002) .
Silage sample fatty acids (FA) were prepared as butyl esters in an adapted method of that described by Sukhija and Palmquist (1988) . Adaptations are described by Abdelqader et al. (2009) . Prepared samples were then analyzed using gas chromatography (model 6890, Hewlett-Packard, Palo Alto, CA). The injector port was at 230°C with a split ratio of 75:1. The column was 100 m and an inside diameter of 0.25 mm (Supelco 2560). Flow rate was 2.0 mL per min of helium. Initial temperature was 60°C held for 5 min, then raised to 165°C at a rate of 10.5°C per min. Temperature was then raised 2°C per min to 220°C and held constant. The total run per sample was 91.75 min.
Data were analyzed using a mixed model (MIXED procedures, SAS Inst. Inc., Cary, NC). The effects of treatment and day of ensiling were analyzed using a split-plot ANOVA, with treatment as the main factor and day as the split-plot factor. Treatment means were compared using least squares means and adjusted with Tukey's test for P-value significance. Significance was declared at P < 0.05.
Heifer Feeding Experiment
The 70:30 WDGSH blend was selected to be evaluated in the heifer feeding study as a replacement for corn and soybean meal. The nutrient profile of this blend allowed for greater inclusion of WDG and SH compared with the 85:15 blend. A large batch of 70% WDG and 30% SH (as-fed basis) was made and ensiled in a silo bag to be evaluated as feed source for growing dairy replacement heifers. The WDGSH blend was stored for approximately 3.5 mo before opening the silo bag for the animal experiment. Twenty-four Holstein heifers were assigned to 1 of the 3 treatment diets to give 8 heifers per treatment. Animals averaged 184 ± 11.25 kg of BW and were approximately 150 ± 6.3 d old at the start of the 8-wk experiment. Heifers were blocked into groups of 3 by age and then randomly assigned to treatment within group. Treatments were 1) control, 2) low inclusion of WDGSH (LWSH), and 3) high inclusion of WDGSH (HSWH). All treatment diets consisted of 50% brome grass hay on a DM basis ( Table  1 ). The control diet had 50% of the diet (DM basis) as grain mix, which was composed of corn, soybean meal, and minerals. The LWSH diet contained 24.4% of the WDGSH blend and 25.6% grain mix. The HWSH diet contained 48.7% of the WDGSH blend and 1.3% mineral mix. Diets were hand mixed and fed as a total-mixedration (TMR). Heifers were fed using a Calan gate feeding system (American Calan Inc., Northwood, NH) with individual intakes measured daily and then aver-aged every 2 wk for statistical analysis. Body weights were measured at the start of the experiment and then every 2 wk thereafter. Body measurements, including heart girth, wither height, hip height, and body length, were measured at the start and end of the experiment. Body length was measured from the top of the withers to the end of the tail pins. Body condition scores were also recorded at the start and end of the experiment by 3 independent observers. Body condition scores were made on a scale of 1 to 5, with 1 being emaciated and 5 being obese (Wildman et al., 1982) .
Samples of forage, concentrate mixes, and WDGSH blend were taken weekly and then composited monthly for analysis. Samples were analyzed for DM, ash, CP, ADF, NDF, and EE using the same procedures as described for the ensiling experiment. Starch was analyzed using an enzymatic method (AOAC, 2002) . Minerals, including Ca, P, Mg, and K, were analyzed according to AOAC methods (2002) . Nutrient composition for each treatment diet was calculated based on the analysis of individual components. Nonfibrous carbohydrates (NFC) were calculated using the following equation: 100 − (% NDF + % CP + % fat + % ash) (NRC, 2001) . Energy values, including ME, NE m , and NE g , were calculated using the NRC (2001) computer formulation program.
Data were analyzed as randomized complete block design using a mixed model (SAS Inst. Inc.). For BW, wither height, hip height, body length, heart girth, and BCS, the model included treatment as the fixed effect and block as the random variable. Changes in growth rate were found by calculating the differences in measurements between initial and end time points and then dividing by the number of days in the study. Dry matter intake, ADG, and G:F were evaluated using repeated measures. This model included treatment, week, and treatment × week interaction, with week being the repeated term and block × treatment as the subject.
Autoregression order 1 was determined to be the most suitable covariance structure according to the Akaike's information criterion (Littell et al., 2006) . Treatment differences were compared using linear and quadratic polynomial contrasts. Differences between treatments were declared significant when P < 0.05.
RESULTS

Ensiling Experiment
Based on analysis the SH used in this experiment was 89.9% DM, and on a DM basis was 62.9% NDF, 44.8% ADF, 12.9% CP, and 5.6% ash. The composition of the WDG (100:0 treatment) on the day of ensiling (d 0) is in Table 2 . When calculated on a DM basis, the ratios of WDG to SH were 100% WDG to 0% SH for the 100:0 treatment, 69.1% WDG to 30.9% SH for the 85:15 treatment, and 47.9 to 52.1% WDG to SH for the 70:30 treatment. Dry matter of 100:0 was 35.5% at time of ensiling, and increased (P < 0.01) to 43.0 and 48.4% with the addition of SH for the 85:15 and 70:30 blends, respectively (Table 2) . There was no effect of day (P = 0.14) on DM content during the 21-d ensiling period. The percentage of ash was greater (P < 0.01) in treatments 85:15 and 70:30 compared with 100:0 but was not significantly different between them. Ash content increased (P < 0.01) with days of ensiling. As a result of the addition of SH, NDF and ADF concentration in the treatments increased (P < 0.01). Both ADF and NDF increased over time (P < 0.01) when averaged across all treatments as a percentage of DM. Crude protein of the silage decreased (P < 0.01) with the addition of SH in treatment mixtures and was not affected by days of ensiling (DM basis). There were no significant effects of time (P = 0.11) or treatment (P = 0.72) on ammonia N concentration. Ether extract concentration decreased (P < 0.01) as SH was included as demonstrated by the 100:0 blend having an EE concentration of 13.5% of DM and decreasing to 9.96 and 8.57% in the 85:15 and 70:30, respectively, at d 0. The average EE concentration over all treatments unexplainably differed (P = 0.01) depending on days of ensiling.
Many of the fermentation characteristics varied among treatments and over time (Table 3 ). The pH of WDG was initially low, as shown in the d 0 time point of the treatment 100:0. The pH increased as the amount of SH increased in the blend with 3.9 and 4.3 for 85:15 and 70:30, respectively (P < 0.01). The pH of the 100:0 and 85:15 blends did not vary over time, however, the 70:30 decreased over time from 4.25 to 4.05. Consequently, a treatment × day interaction (P = 0.04) was found. Ethanol was not present on d 0 but increased with time (P < 0.01) in all treatments. There were greater increases of ethanol in the 85:15 and 70:30 blends, which was evident by the significant treatment × day interaction (P < 0.03). Total VFA were greatest in the 100:0 blend and decreased (P < 0.01) with the addition of SH. The average of all treatments increased in VFA over time (P < 0.05), but the 85:15, and 70:30 had significant increases over time, whereas the 100:0 blend remained constant, leading to a significant treatment × day interaction (P = 0.02). Acetic acid was not present in d 0 or 3 in any treatment. Acetic acid was not present on d 7 or 21 in the 100:0, but appeared on d 7 and 21 in the 85:15 and 70:30 treatments, which resulted in a treatment × day interaction (P < 0.01). Propionic acid was present at reduced concentrations in all 3 treatments and decreased (P < 0.01) with SH inclusion. There was an increase (P < 0.01) in propionic acid over time in all treatments, but overall concen- Table 2 . Nutrient compositions over days of ensiling of treatment blends (on an as-fed basis) of 100% wet distillers grains (WDG) with 0% soybean hulls, 85% WDG with 15% soybean hulls, and 70% WDG with 30% soybean hulls a-c Means in the same row (T mean) with unlike letters differ (P < 0.05).
x,y
Means in the same column (day mean) with unlike letters differ (P < 0.05). trations were so low that the biological significance is doubtful. As common with WDG, no butyric acid was detectable. Lactic acid represented the greatest proportion of all VFA. The total VFA and lactic acid concentrations were less (P < 0.01) in the blends because of the dilution of the WDG with SH. Medium and long chain FA profiles (Table 4) varied across all treatments and over time. The WDG contributed the majority of the FA to the mixture because SH have relatively low FA content. Fatty acid profiles were consistent with corn-based products with C18:2n-6 comprising approximately one-half of the overall FA. The concentration of C18:3n-3 increased (P < 0.01) with the addition of SH, in contrast with C18:2n-6, which decreased (P < 0.01) in proportion with added SH. The majority of FA showed a day effect but most did not have a treatment × day interaction.
Heifer Feeding Experiment
Analysis of individual ingredients (Table 5) were used to calculate TMR values (Table 6 ), which showed some numerical differences in nutrients among treatment diets. Crude protein concentration of the diet increased as the WDGSH blend numerically increased as a percentage in the diet. Acid detergent fiber and NDF also followed the same numerical trend with the greatest being in the HWSH and the least being in the control diet. Forage NDF content was similar across all diets because all diets contain 50% (DM basis) brome grass hay. Ether extract concentration also numerically increased across treatment diets with the concentration of WDGSH. Ash was similar across treatments. Starch and NFC were numerically less in the LWSH diet compared with the control and least overall in the a-c Means in the same row (T mean) with unlike letters differ (P < 0.05).
g-l
For variables with significant treatment × day interactions, means across all treatments and time points with unlike letters differ (P < 0.05).
x-z Means in the same column (day mean) with unlike letters differ (P < 0.05). 1 % of DM unless otherwise indicated. 2 T = treatment; D = day. 3 ND = none detected. 4 No butyric acid was detected in any samples.
Ensiled distillers grains and soybean hulls a-c Means in the same row (T mean) with unlike letters differ (P < 0.05).
g-j
x-z Means in the same column (day mean) with unlike letters differ (P < 0.05). HWSH diet. Minerals, including Ca, P, Mg, and K, did not vary notably across treatment diets. Calcium content was slightly numerically greater in the LWSH and HWSH diets compared with the control diet. Energy values, calculated using the NRC (2001), were numerically close, although they decreased slightly with the addition of the WDGSH blend.
The DM intake of the heifers decreased linearly (P < 0.01) as the amount of the WDGSH blend was increased in the treatment diets (Table 7) . Average daily gain did not differ across treatments (P = 0.69). As a result of decreased intakes and similar ADG, the G:F increased linearly (P = 0.02) as heifers were fed the diets containing the WDGSH blend. Average daily gain and G:F did not have a significant week (P = 0.37 and P = 0.59) or treatment × week interaction (P = 0.63 and P = 0.62). There was a significant (P < 0.001) week effect for DMI, but there was no significant treatment × week interaction (P = 0.88), which meant that DMI increased similarly across treatments over the course of the study.
Growth measurements (Table 7) , including wither height, hip height, body length and heart girth, were similar across treatments (P > 0.05). Initial, final, and calculated daily changes were similar across treatments for all these variables. Initial and final BCS were simi- Table 5 . Nutrient composition of individual components including the control concentrate mix, LWSH (low wet distillers grains and soybean hulls) concentrate mix, wet distillers grains and soybean hulls blend (WDGSH), and brome grass hay used to make total-mixed-rations for each treatment The HWSH diet has a concentrate mix consisting of just mineral mix and vitamins, which was not analyzed, but was factored in calculations using product labels at 13 g/kg of total DM. Ensiled distillers grains and soybean hulls lar across treatments, but when overall BCS changes were calculated there was a linear decrease (P = 0.02) as the WDGSH blend was included in the diet.
DISCUSSION
Ensiling Experiment
The differences in DM among the treatments are proportional to the amount of SH added. The DM of the feedstuffs used in this experiment were 89.9% for the SH and 35.5% for the WDG, which are very close to values reported by the NRC (2001). Dry matter concentrations did not change during the 21-d ensiling period for any treatment.
The ash content of ensiled samples was statistically different among treatments and over time. Changes in ash content may be indicative of 2 things: first, a loss in ash content can be caused by a loss of minerals in effluent, and second, an increase in ash content can occur if there are OM losses from fermentation and oxidation (McDonald et al., 1991) . Because the ash content increased only slightly over time, there was an indication of active fermentation and limited effluent loss, but these changes were numerically small.
Although there were differences in pH among treatments in the ensiled feeds, they were minimal. A target pH for an adequate preservation of ensiled feeds is less than 4 (McDonald et al., 1991) . By d 21, all treatments were close to or below pH 4. This agreed with several studies that also found pH close to 4 when WDG or wet brewers grains were ensiled as all or a large portion of the ensiled feed (Abrams et al., 1983; Schneider et al., 1995; Wang and Nishino, 2008a) . When pH is less than 4, the majority of undesirable bacteria are inhibited and most initial fermentation is carried out by lactic acid bacteria (McDonald et al., 1991) .
As mentioned, WDG and SH had a CP content of 30.9 and 12.9% on a DM basis, respectively, and therefore treatment differences in CP can be attributed to the different mixture ratios in the treatments. Analysis of the silages showed no differences in ammonia content between treatments or over time. Most of the ammonia in the feed was probably residual from the fermentation process in which the WDGS was made as indicated by the d 0 concentration. Differences in NDF, ADF, and organic acids are related via changes in carbohydrate components during fermentation and the different SH concentrations in the blends. The conversion of carbohydrates to organic Table 7 . Feed intakes and growth measurements of growing heifers fed control, low wet distillers grains with soybean hulls (LWSH), and high wet distillers grain with soybean hulls (HWSH) treatment diets Analyzed with week as the repeated measure. Significant effect of week (P < 0.001), but no treatment × week interaction (P > 0.05).
3
BCS scale 1 to 5 (Wildman et al., 1982) .
acids, resulting in a loss of OM, whereas quantitative amounts of some compounds such as NDF and ADF remain static during fermentation, may explain why the NDF and ADF concentrations of DM appear to increase. Total VFA also increased over time and was greater in the 100:0 treatment compared with the rest of the treatments. The majority of the VFA was lactic acid, which was present in the WDG on d 0 and decreased across treatments as the SH were added. Acetic acid was not detected on d 0 but was present in the 2 treatments that contained SH in later days of ensiling, indicating the possible fermentation of soluble fibers. Despite some numerical differences in overall concentrations, these results agree with previous ensiling experiments with wet brewers grains (Nishino et al., 2003; Wang and Nishino, 2008a,b) . Previous research on ensiling wet by-products also found relatively low concentrations of propionic acid and none or very small quantities of butyric acid (Buchanan-Smith et al., 2003; Nishino et al., 2003; Wang and Nishino, 2008b) . There was a rapid increase of ethanol during the first 3 d, which seemed to slow down thereafter. The concentration of ethanol was low in all treatments but was greater in the treatments containing SH, which was another indication that the SH provided some fermentable carbohydrates to the blend. Wang and Nishino (2008b) conducted a study with wet brewers grains ensiled with different mixtures of molasses, dried beet pulp, wheat bran, cracked corn, and grass hay. They noted that the TMR with the greater soluble sugar content also resulted in increased ethanol production. The changes in EE concentration reflected the addition of SH. Typical EE of WDG is 10.0% and SH is 2.7% on a DM basis (NRC, 2001) . Soybean hulls are low in EE and consequently in FA, the majority of FA in the treatments were from WDG, and the FA composition was similar to that of WDG reported in other studies (Leonardi et al., 2005; Anderson et al., 2006) . The C18:3n-3 content was increased by the addition of SH; several other FA were also significantly affected by the addition of SH, but the C18:3n-3 was the most notable change. Several FA were affected over time, and it appeared the concentrations changed during fermentation. In general, concentration of saturated FA increased and concentrations of unsaturated FA decreased. The exact mechanism of these shifts is not understood because very limited research has been done on the effects of ensiling on medium and long chain FA composition.
Heifer Feeding Experiment
Some differences in nutrient concentrations among treatment diets were expected because WDG and SH replaced corn and soybean meal, whose nutrient compositions are very different. Neutral detergent fiber, ADF, and EE increased in LWSH and HWSH compared with the control diet. In contrast, NFC and starch decreased with the inclusion of the WDGSH blend. This was part of the main objective of the study to determine if dietary energy provided as fermentable fiber and fat versus starch would result in similar performance in animals. Soybean hulls have been proven to have increased fermentable fiber. Ipharraguerre and Clark (2003) reported that SH are 65.6% NDF, and approximately 90% of the NDF was degraded when incubated in Dacron bags in situ for 96 h. Diets were formulated to be isoenergetic, but based on calculations using nutrient composition of feeds and the NRC (2001), the addition of the WDGSH blend slightly decreased the NE g of the diet. Animal performance data actually suggested the opposite, in that the energy content of the diets increased with the addition of the WDGSH blend. Based on data from a metabolism experiment using lactating dairy cows, Birkelo et al. (2004) estimated that the energy values for WDG are 10 to 15% greater than those listed for dried corn distillers in the dairy NRC (2001). The dairy NRC (2001) does not have energy values for WDG in the feed library; therefore, when formulating treatment diets containing WDG, dried distillers energy values were used, which may have resulted in an underprediction of dietary energy. Originally, diets were also formulated to be isonitrogenous, but the WDG had greater than expected CP, resulting in its increase in the diets containing the WDGSH blend.
Dry matter intake decreased linearly as the WDGSH blend replaced corn and soybeans in heifer diets. One possible cause for the differences in DMI is the increase in dietary fiber content as the WDGSH blend increased in the diets. Quigley et al. (1986) conducted an extensive study with 118 heifers and 12 treatment diets to determine factors affecting heifer intakes. Their study demonstrated that DMI and the proportion of dietary NDF were related quadratically, with the maximum DMI occurring when NDF content was between 40 and 44% of the diet DM. In the present study, concentration of NDF of the HWSH diet was 54.80% on a DM basis, which is much greater than the concentration found for maximizing intake, but the control and LWSH diets were 34.78 and 45.38% on a DM basis, respectively, which are closer to the concentration of NDF found for maximizing intake by Quigley et al. (1986) . The decreased DMI found in the current study, however, may not be as affected by the NDF concentrations as in the findings by Quigley et al. (1986) . In the current study the additional NDF was provided from nonforage fiber sources and would not contribute to rumen fill as much as the corn silage and hay used to increase NDF in the study by Quigley et al. (1986) . Another possible reason for a decrease in DMI is that dietary fat increased as WDGSH was added to the diets. It has been demonstrated that an increase in unsaturated long chain FA has a hypophagic effect and can decrease intake (Allen et al., 2005) . As shown in the ensiling study, more than 50% of the FA in the WDGSH blend was C18:2n-6. By increasing unsaturated dietary fat, it may have led to stimulation of the satiety receptors and decreased DMI.
Ensiled distillers grains and soybean hulls Initial and final BW did not vary among treatments but were large for Holsteins of this age (Hoffman, 1997; Heinrichs and Losinger, 1998) . The above average initial BW may be due to genetics but are more likely the result of the feeding program before the start of the experiment. Average daily gain was similar across diets, but greater than recommended for dairy heifers. Previous research suggests that heifer ADG be limited to around 0.8 kg/d (NRC, 2001; Zanton and Heinrichs, 2005) , and heifers in this experiment averaged 1.25 kg/d. The greater than expected ADG is likely a combination of underestimating both the energy concentrations of the diets and the DMI of the heifers in the original diet formulations. In hindsight, heifers could have been limit-fed to achieve a reduced ADG. The combination of similar ADG and decreased DMI, as the WDGSH blend was increased in the diets, resulted in improved G:F ratios. Several studies reviewed by Klopfenstein et al. (2008) have found improved G:F ratios in growing beef animals when increasing the content of WDG in the diet. It has been theorized that fat and protein in the WDG are less degradable in the rumen and pass to a greater extent to the small intestine where they are directly utilized by the animal. In contrast, energy and protein from corn and soybeans are subject to greater degradation and fermentation in the rumen, resulting in a less efficient conversion of feed for growth (Klopfenstein et al., 2008) .
Wither height, hip height, body length, and heart girth were similar among treatments. When combined with ADG values, these data showed that the heifers grew similarly across treatments. All heifers were large in frame size, probably due to herd genetics and previous nutrition program, but were still in the normal range for body lengths and heights expected for Holsteins of this age (Heinrichs and Hargrove, 1987; Hoffman, 1997; Heinrichs and Losinger, 1998) . Heifers fed the WDGSH blend had decreased change in BCS, but the initial and final BCS across treatments were so numerically close that the difference in the change over time is probably not of biological significance.
In conclusion, WDG and SH were successfully ensiled at almost a 1:1 ratio on a DM basis or 70:30 on an asfed basis. Combining the SH and the WDG resulted in a more active fermentation than for WDG by itself, as indicated by changes in VFA, fiber, and FA profiles. Despite this, it should be noted that WDG by itself did preserve well even if fermentation was limited. The mixture of 70:30 WDGSH (as-fed basis), when fed in replacement of one-half or all of a traditional concentrate mix containing soybean meal and corn to growing dairy heifers, maintained performance and improved the feed efficiency (G:F). Average daily gain and growth variables were similar across treatments, whereas efficiency of feed conversion was improved as indicated by an increase in the G:F as the blend increased in the diet. Combining WDG and SH makes good use of byproducts of the ethanol and soybean processing industry. The 2 feeds can be stored by ensiling together and can maintain growth performance when fed to growing heifers.
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